Concern raised by the risk of missing a cervical spine injury and worsening the patient's condition was heightened by anecdotal reports of occult cervical spine fractures. The influential American College of Surgeons Committee on Trauma through the Advanced Trauma Life Support (ATLS) programme" has taught that patients sustaining an injury above the clavicle or a head injury resulting in an unconscious state should be suspected of having an associated cervical spine injury. Any injury produced by high speed vehicles should arouse suspicion of concomitant spine and spinal cord injury. This was coupled with the teaching that "a vertebral column injury should be presumed and immobilisation of the entire patient should be maintained until screening roentgenograms are obtained and fractures or fracture-dislocations are excluded". Apprehension about cervical spine injuries has led to the application of these policies intended for those who are injured or at high risk to those who have minor trauma or who are at low risk of injury. Thus Eliastam et al in 1980 found that 40% of cervical spinal films were taken for medicolegal reasons.'2 Immobilisation of the cervical spine is now widespread and liberally applied and has been associated with protocol driven ordering of cervical spine radiographs." This has led to the liberal use of radiography with, for example, more than 98% of radiographs ordered in Canadian centres being negative for fracture or dislocation (I Stiell, personal communication).
Clearance of the cervical spine may be said to occur when the clinician is satisfied after appropriate history, examination, and investigation that the risk of an important injury being present is negligible. There is considerable variation in the use of radiography. Thus there is a twofold difference in the rate of use among some Canadian hospitals (I Stiell, personal communication) and there has, for example, been a twofold increase in emergency department cervical spine radiography between 1990 and 1995 at the Bristol Royal Infirmary (internal audit, 1996 abnormality has been documented and no symptoms or signs relating to the spine or cord exist"." As Saunders more explicitly states "absent neck pain, obtundation, or neurological findings and normal 3 view x-ray films meet an acceptable standard of care".'4 Yet a telephone survey of 25 intensive care units in the South and West region revealed considerable variation in practice. Nineteen out of 25 would clear the cervical spine of the patient who was still unconscious using only plain radiography and 12 of these 19 would rely on the lateral cervical spine radiography alone. '5 The more rational use of radiography in alert stable patients would lead to a reduction in unnecessary use, avoidance of prolonged immobilisation, and a substantial saving in the nursing, medical, and radiography time that is currently spent clearing the cervical spine. Potentially there could be shorter emergency department stays and a considerable economic saving.
Patients can be classified into the following:
( Clinicians are looking for more than guidelines in this difficult area over which they are apprehensive, especially if they are inexperienced. They need to be able to predict with confidence who will or will not have a radiological abnormality.
Clinicians are looking for cervical spine decision rules that will demonstrate a sensitivity of 1.0. It is only by a meticulously designed study recruiting a large number of patients that such rules can be developed as to who does and does not need cervical spine radiography. This is currently being undertaken by Professor Ian Stiell and collaborators in Canada who are recruiting 25 000 patients over five years. The study is now entering its third year. Until such rules are available it is likely that there will be widespread variation in the use of radiography in the conscious alert patient and that the threshold for radiography will be a function of individual clinician's experience, what has been taught and level of comfort with not using radiography, which is likely to be low for the junior doctors who see most patients in UK practice.
(2) Patients with cervical spine symptoms or signs All patients with symptoms, that is neck pain or signs relating to the cervical cord or spine, should be immobilised and life threatening pulmonary, cardiovascular, and neurological problems addressed first. It is recommended that the standard three radiography positions ( 25 27 Between 4% and 10% of fracture dislocations are missed due to misinterpretation or inadequate films.' 16 Even when the radiographs are read by experts, 6% of patients with fracture dislocations have been missed, half of which were unstable.26 As expected the misinterpretation rate is worse with inexperience. Thus Annis et al found that junior doctors working in the emergency department did not make the correct diagnosis in 78% of the demonstrable fractures of the cervical spine.28 This is not helped by the fact that the quality of the lateral cervical spine radiograph may be poor because it is taken with portable equipment and that the top of the first thoracic vertebra may not be visible despite the use of arm traction.17 27 28 For those patients with neurological deficits, magnetic resonance will provide the best imaging.20 In those patients with suspected bony injury, targeted computed tomography is the appropriate investiga- 27 29 30 tion.
Those patients who complain of severe neck pain with normal plain radiography are at risk of purely ligamentous injury that could result in instability without any associated fracture. For these patients flexion/extension views are appropriate under the guidance of a knowledgable physician. Contraindications include altered level of consciousness, any subluxation on the lateral film, or any neurological deficit. If C7-T1 is not demonstrated or any area of the cervical spine looks in any way abnormal then computed tomography should be undertaken first. Unsupervised flexion/extension views risk quadriplegia.' How frequent is ligamentous laxity? Lewis et al reported that for a level 1 trauma centre, 13% of patients having plain radiography of the neck for trauma will have flexion/extension views.'1 Of these, approximately 8% (that is 1% of all patients having cervical spine radiography) will have instability and a third of these will require surgery. It is well recognised that those who subsequently have ligamentous instability requiring surgery may have completely normal initial plain radiography.'1..
The 1997 ATLS recommendation is for those patients with neck pain to be asked to voluntarily flex their neck and obtain a lateral flexion radiograph. If this film shows no subluxation then the cervical spine is cleared. The impact of this policy for every patient with neck pain remains to be seen. For those patients admitted to US trauma centres, the incidence of ligamentous laxity seems to be in the order <0.5% (S Mirvis, Baltimore and P Frankel, Portland, personal communication).
(3) Patients with impaired consciousness These patients deny the clinician the benefit of complete examination, specifically the neurological examination and the detection of the presence or absence of neck pain. These patients are also at high risk of cervical spine injury. Loss or defect of consciousness is predictive of an unstable cervical spine injury.' Altered level of consciousness increased threefold the chance of a spinal fracture'4 and MacDonald et al found that over half of the patients with cervical spine injury had a Glasgow coma score < 15 on admission.2 Thus it should not be surprising that this group are more likely to suffer missed or delayed detection of cervical spine injury. Indeed, Davis et al found that 70% of patients with missed or delayed detection of cervical spine injury had altered levels of consciousness. 1 How are these patients to be cared for? Figure 2 illustrates the alternative practices in the four North American centres previously listed. Patients may be kept immobilised until they regain consciousness. The benefits of this should be continued protection of the cervical spine and cord until the patient is alert at which stage a full examination can take place. However, cervical collars provide incomplete immobilisation, produce full thickness ulcers beneath them in 55% of patients who have had them applied for greater than five days, '5 and there is increase in the nursing workload because of repeated log rolling. Patients may be at greater risk of pneumonia and thromboembolism. Continued immobilisation also risks delay in detection and treatment of an unstable spinal injury.
In the light of these disadvantages it would seem sensible to limit immobilisation to those who are or likely to remain unconscious for a short period only (less than 48 hours). For those likely to remain unconscious for longer, early clearance of the cervical spine and discontinuation of cervical spine immobilisation seems desirable. How can this be achieved? Three approaches have been used: (A) Use of normal three view plain radiography alone. Thus MacDonald et al in a retrospective review of 775 motor vehicle accident victims concluded that complete three view radiography could be used to clear the spine at the risk of missing fractures in fewer than 1 % of patients. harm.'5 However, given the small number of patients studied and the known frequency of cervical spine injury, this study should not be reassuring with regards to the safety of the procedure. Flexion/extension views may be considered potentially dangerous because plain radiography may offer no clue as to the presence of an extradural haematoma or prolapsed disc. There is always the risk of an unexpected slip of the unstable spine during the procedure. The timing of the search for ligamentous laxity varies. Thus the Baltimore protocol is undertaken within 48 hours. Others undertake flexion/extension views seven to 10 days after injury if the patient remains obtunded.
What measures can be used to improve the detection of cervical spine injuries? The widespread practice of cervical spine immobilisation should not be changed. Although large numbers turn out to be unnecessarily immobilised it serves initially to remind all carers to consider the spine. Butman et al concluded that the current practice of prehospital immobilisation based on the mechanism of injury or the presence of other injuries has contributed to the decline in the frequency of spinal cord injury and the practice should not be changed. '8 All doctors who request cervical spine radiography should be able to interpret the films competently. For the high risk unconscious group of patients these films should be read by a radiologist with an interest in this field. All films must be of good quality and the cervical spine must be demonstrated in its entirety. Given that most patients who are unconscious will have computed tomography of their head, one could sensibly argue for routine scanning of C 1 through to C3. Anecdotally this practice is now happening within the UK.
How hard should one look for ligamentous laxity? The survey of the intensive care units within the South and West region revealed that no department routinely searched for ligamentous laxity in the unconscious patient. There is no easy answer to this question. How thoroughly one looks for this type of injury is likely to depend on its frequency in the population and local expertise and interest in this problem. Apart from the options already mentioned, one solution might be routine magnetic resonance imaging for those patients who remain unconscious after 48 hours. Benzel et al scanned 174 post-traumatic patients who did not appear to harbour disruption of spinal integrity on the basis of routine radiography. '9 None had a clinically obvious injury; 62 (36%) had soft tissue abnormalities identified by magnetic resonance imaging. Of these 62, one underwent surgery, 35 were placed in a cervical collar for one month, and 27 placed in a Minerva jacket for at least two months. The spines of patients whose magnetic resonance images were negative were considered clear and no patient suffered complications of a spinal or neurological nature. Clearly this imaging modality needs further evaluation but has great potential in this difficult area.
Whiplash injury
The evidence relating to the diagnosis and management of whiplash injuries was reviewed by a specially commissioned taskforce in Quebec which reported in 1995. 40 (fig 4) . Thus the patient with grade I WAD who is fully alert but complains of neck pain, stiffness, or tenderness with a normal range of motion and absence of point tenderness, does not usually require radiography. Grades II and III WAD need "baseline" radiography and further imaging is not considered until these patients are reviewed as outpatients, unless initial plain radiography is equivocal. Grade IV WAD mandates immediate referral and likely further imaging. Clearly these recommendations are different from those made earlier in this paper and reflect the more benign nature of whiplash injuries. It should be noted, however, that these are only recommendations (made by an expert group in the absence of firm evidence), which like many of those elsewhere in this paper remain untested.
Conclusion
The clearance of the cervical spine continues to tax emergency physicians, nevertheless they are becoming more discriminatory in the their use of plain radiography. Cervical spine radiography rules for stable and alert trauma patients developed along the same lines as the Ottawa ankle rules41 are eagerly awaited and are likely to have a major impact on the way the Patient history or examination is unreliable Figure 3 Guidelines for clearing the cervical spine;AP = anteroposterior;HOB = head of bed; OOB = out of bed. 
